A novel method in which the water sorption curve is observed under linearly temperature-raising conditions was proposed to estimate the gelatinization temperature of starch-containing foods, it was applied in an estimation of the gelatinization temperatures of dried noodles. The gelatinization temperatures of two kinds of spaghetti, dried at high and low temperature, were 52.3 and 53.1 C, and those of udon, kishimen, juwari-soba, hachiwari-soba, so-called common soba, Malony Ò , and kuzukiri were 57.0, 57.8, 61.1, 59.6, 57.4, 48.4, and 49.1 C. The gelatinization temperatures estimated by the method were between the onset and peak temperatures obtained by differential scanning calorimetric measurement.
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Temperature greatly affects the dehydration of wet food material and the rehydration of dried food. The water sorption capacity of starchy food is greater at temperatures higher than the gelatinization temperature.
1) Hence, it is important to determine the gelatinization temperature of a starchy food for reasonable design of its manufacturing and cooking processes. There are methods of estimating gelatinization temperature, including amylography, polarization microscopy, and differential scanning calorimetry (DSC).
2) Among these, DSC is most often used. Most of these methods require pulverization of a sample and require expensive instruments.
Based on a report that the driving force necessary for water sorption of dried starchy food was large and that the sorption rate increased at temperatures higher than that of gelatinization, 3) we devised a novel method of estimating the gelatinization temperature of starchcontaining foods, without pulverization of a sample from a water-sorption curve under temperature-programmed heating conditions. Udon and kishimen are noodles made of wheat flour, and they are different in width and flatness. Juwari-soba is a noodle made of buckwheat flour alone, and hachiwari-soba is made from a mixture of buckwheat and plain wheat flours at a weight ratio of 8:2. Common soba is made of a mixture of buckwheat and plain wheat flours, and its content of plain wheat flour is more than that of hachiwari-soba. The major constituent of Malony Ò , winter cuisine in a pot, is potato starch. Kuzukiri was originally made of ground arrowroot, but most commercially available today is made of potato starch. Spaghetti is made of durum wheat semolina. The gelatinization temperatures estimated by the proposed method were compared with those estimated by DSC. The two kinds of spaghetti were supplied by Nisshin Foods (Tokyo), and they were prepared at different maximum temperatures during the drying process. Spaghetti dried at high and at low temperature were designated H-and L-spaghetti respectively. All the other dried noodles were purchased from a supermarket in Kyoto, Japan. All the noodles were cut into 5-cm-long samples.
A noodle, the initial weight of which was measured, was fixed to a hook bar and immersed in a 1-L glass beaker with distilled water. The initial temperature of the water was adjusted to 30:0 AE 0:1 C, and the temperature was raised to 100 C at a specific rate using an immersion heater dipped into the beaker. The rate of temperature rise was controlled using a programmable temperature-controller (TXN-700, As One, Osaka, Japan). The water in the beaker was stirred gently, and the temperature was measured regularly using a thermometer. After a specific duration, the noodle was removed from the beaker, immediately blotted to remove any superficial water, and weighed. The noodle was dried at 135 C for 5 h in a DN400 convection drying oven (Yamato, Tokyo, Japan). The amount of water sorbed, X, was estimated by the following equation:
where W 0 is the initial absolute dry weight of the noodle, and W 1 is the weight of the noodle after water sorption. The water sorption curve for H-spaghetti was obtained at average temperature-increase rates of 0.50, 0.77, 1.00, and 1.38 C/min in order to examine the effect of the temperature-raising rate on the estimated gelatinization temperature. The curves for the other noodles were measured at a temperature-raising rate of 1.38 C/min. Each noodle was ground in a mortar with a muddler. The ground noodle (1.5 mg) and distilled water (15 mg) were placed in a 201-53090 aluminum cell (Shimadzu, Kyoto, Japan), and the cell was tightly sealed. The cell was kept in a refrigerator for 5 h or longer, and differential scanning calorimetric measurement was y To whom correspondence should be addressed. Fax: +81-75-753-6285; E-mail: adachi@kais.kyoto-u.ac.jp Biosci. Biotechnol. Biochem., 76 (11), [2156] [2157] [2158] 2012 Note carried out using with a DSC-50 calorimeter (Shimadzu) from 30 C to 120 C at a rate of 5 C/min. Figure 1 shows the water sorption curves for Hspaghetti obtained at various temperature-raising rates. Each curve has a point at which the water sorption rate increased markedly, and the temperature at that point was about 52 C. In order to facilitate evaluation of the temperature at the inflection point, the amount of water sorbed was plotted against the temperature for the data near that point (Fig. 1, inset) . The inflection-point temperatures for the curves at temperature-raising rates of 0.50, 0.77, 1.00, and 1.38 C/min were 51.9, 52.7, 52.4, and 52. 3 C respectively. The mean value and standard deviation of the temperatures were 52:3 AE 0:3 C. Because the temperature-raising rate scarcely affected the inflection-point temperature, the water sorption curves for the other noodles were observed at a temperature-raising rate of 1.38 C/min. The amounts of water sorbed are plotted against temperature for all the noodles tested (Fig. 2) . In order to distinguish the curves, they were adequately displaced in a longitudinal direction. For all the noodles, distinct inflection points were recognized. The inflection-point temperature of L-spaghetti was 53.1 C, almost the same as that of H-spaghetti (52.3 C). The temperatures were close to the gelatinization temperature of durum wheat semolina.
4) The temperatures of udon and kishimen, both made of plain wheat flour, were 57.0 and 57.8 C respectively, close to the previously reported value.
5) The temperature of kuzukiri (potato starch) was 49.1 C. Malony is also rich in potato starch, and its temperature was 48. 4 C. These inflection-point temperatures were similar due to the similarity of the major constituents. The temperatures of juwari-soba, hachiwari-soba, and common soba were 61.1, 59.6 and 57. 4 C respectively. The inflection-point temperature was higher for soba, with a higher content of buckwheat flour.
The DSC curves for the noodles except for Malony were determined. Endothermic peaks were observed for all the noodles in a temperature range of 45 to 80 C, and the onset, peak, and conclusion temperatures of each type of noodle were estimated. The temperatures were plotted against the inflection-point temperatures observed by the proposed method (Fig. 3) . As the figure shows, the inflection-point temperatures were between the onset and peak temperatures. It is known that the gelatinization temperature of starchy food depends somewhat on the measurement technique.
2) Hence, the inflection-point temperature should reflect the gelatinization temperature of each type of noodle.
In conclusion, the proposed method is a simple method of estimating the gelatinization temperature of dehydrated foods without pulverization, and does not require specialized expensive equipment. Estimation of the Gelatinization Temperature of Noodles
